Abstract
INTRODUCTION
Atherosclerosis, colelithiasis and obesity are very frequent and interrelated diseases among postmenopausal women [1] [2] [3] [4] . High serum triglycerides and total/low-density lipoprotein (LDL) cholesterol are important risk factors for atherosclerosis, heart attack and stroke [5] . Also oxidative stress, particularly the oxidation of LDL, plays a key role in atherogenesis due to the production of reactive oxygen species. New markers based on the detection of lipid peroxidation products by mass spectroscopy, such as oxysterols including 7-b-hydroxycholesterol and 7-ketocholesterol, are specific, sensitive and reliable markers of systemic oxidative stress in vivo [6] [7] [8] . In addition, oxysterol coupled to vitamin E measurement in plasma can be used for estimating systemic oxidant stress/antioxidant balance [8] . Cholesterol gallstone disease is very common in postmenopausal women, with incidence ranging from 22% to 30% in Western countries, and this disorder is one of the most common and costly of all digestive diseases [3] . Cholesterol gallstone pathogenesis is complex and multifactorial, involving genetic defects and environmental factors [9] [10] [11] . Changes in bile acid (BA), cholesterol and triglyceride metabolism, gallbladder reduced function and prolonged colonic transit time are critical factors in the pathogenesis of gallstones [12] [13] [14] [15] . Obesity and overweight are risk factors for both atherosclerosis and gallstone disease [16] . Some data suggest that body weight reduction can be achieved by acceleration of intestinal transit in humans and by BA feeding in animals [17] [18] [19] [20] [21] . Thermal water (TW) consumption has been shown to ameliorate blood cholesterol patterns and systemic oxidative stress, and reduce oro-fecal transit time and gallbladder fasting volume [22] [23] [24] [25] [26] . No data are available on the effect of TW on BA pool composition and plasma oxysterols.
In the present study, we investigated in postmenopausal women the effect of drinking sulphate-bicarbonatecalcium TW on blood cholesterol, triglycerides, oxysterols, vitamin E and BA, and on gallbladder fasting volume, intestinal transit rate and body weight.
MATERIALS AND METHODS

Patients
The study protocol was approved by the Ethics Committee of the University of Rome Sapienza and informed written consent was obtained from all patients.
Forty postmenopausal (at least 1 year) women with functional dyspepsia and/or constipation participated in this study. Patients were divided into 2 groups: (1) TW group were 20 patients enrolled by the medical staff of Chianciano thermal centre (Tuscany, Italy); (2) control (CTRL) group were 20 patients enrolled by the medical staff of the Gastroenterology Division of Department of Clinical Medicine at the Sapienza University (Rome, Italy). Diagnosis of functional dyspepsia and/or constipation was made based on the Roma Ⅲ criteria [27, 28] . Exclusion criteria were a history of liver, pancreatic, gallbladder (including sonographic evidence of gallstones) or other gastrointestinal diseases, lipid disorders, diabetes, severe high blood pressure (diastolic > 110 mmHg, systolic > 180 mmHg), cancer, surgical resection, and thyroid, neurological, muscular, rheumatological and immunological diseases. Patients were also excluded if they were heavy drinkers, heavy smokers or habitual drinkers of more than 3 cups of espresso coffee every day. Individuals enrolled were not receiving estrogen replacement therapy or any medication known to affect lipid metabolism, and were not taking vitamin, mineral, or phytoestrogen supplements. Participants had not consumed diets intended to cause weight loss within 1 year of selection.
Between 8 and 9 a.m. on days 1 and 13 after an overnight fast and before drinking water, all enrolled patients underwent blood sampling and abdominal ultrasonography, and they had daily body weight measurements, according to international standards, using a digital scale that was calibrated, having a capacity of up to 150 kg [29] . Patients in the TW group underwent a 12 d cycle of TW treatment by drinking 500 mL of "Acqua Santa of Chianciano Terme" sulphate-bicarbonate-calcium water, at a temperature of 33 ℃, every day in the morning in the fasted state, over a 30 min period. The control group drank Rome tap water at a temperature of 10-12 ℃ using the same schedule. The chemical composition of the "Acqua Santa of Chianciano Terme" sulphate-bicarbonatecalcium water and of the Rome tap water is reported in Table 1 . Each day of the study all patients filled a stool diary [30] and a food and beverage frequency daily diary which asked for the number of portions consumed for the following items: Pasta, pizza, meat, fish, vegetables, bread, desserts, soft drinks, fruits, milk, dairy products, legumes and espresso coffee.
Gallbladder volume and blood analyses
Fasting gallbladder volume was calculated by using the ellipsoid formula on the average of 2 sonographical gallbladder measurements [31] . Plasma and serum were stored at -80 ℃. Plasma levels of α-tocopherol were analyzed by high performance liquid chromatography (HPLC), and 7-b-hydroxycholesterol and 7-ketocholesterol were measured from the same sample by mass spectrometry using an isotope dilution method [8] . Serum triglycerides, total and high-density lipoprotein (HDL) cholesterol were measured by a colorimetric method. LDL cholesterol was calculated according to the Friedewald Formula [32] . BA standards were obtained from Sigma Aldrich (St. Louis, United States). Total serum BA concentration was determined enzymatically by the 3α-hydroxysteroiddehydrogenase assay (Stereognost 3a, Pho, Nycomed, AS, Torsov, Norway). The qualitative and quantitative BA composition was assessed by an HPLC-electrospray-mass spectrometry method, as previously reported with a slight modification [33] . Isolute C18 cartridges were obtained from International Sorbent Technology LTD (Hengoed, United Kingdom). The solid phase extraction cartridge was conditioned with 5 mL of methyl alcohol and 5 mL of water prior to the sample loading. Serum samples were diluted 1:6 (v/v) with 0.1 N solution of NaOH and heated to 64 ℃ for 30 min. Afterwards, the serum sample was loaded on the conditioned cartridge and then washed with 10 mL of water. The cartridge was then eluted with 5 mL of methyl alcohol. The eluate was dried under vacuum and then reconstituted with the mobile phase (70:30 v/v ammonium acetate buffer/acetonitrile) and injected into the HPLC-electrospray-mass spectrometry instrument. The recovery of all BAs ranged from 80% to 96%. The chromatographic system consisted of a Waters Alliance 2695 HPLC system. The separation was obtained using a 150 mm × 2.00 mm, 4 μm Phenomenex Sinergy Hydro-RP C18 column with a mobile phase consisting of 15 mmol ammonium acetate buffer (pH 5)/acetonitrile. The mobile phase was delivered at a flow rate of 0.150 mL/min, with a total HPLC-electrospray-mass spectrometry run time of 30 min. Mass spectra were obtained with a Quattro LC mass spectrometer (Micromass, United Kingdom) equipped with electrospray source. All BA ions were monitored in a negative mode by the Multiple Reaction Monitoring mode. A seven point calibration curve, ranging from blank to 10 μmol was prepared by spiking BA-free serum with the analytes for serum analysis. Quantification of the analytes in the sample was performed on the peak area, by external calibration. The inter-assay precision and accuracy were determined by analyzing three calibration curves with quality control samples at one-concentration level (1 μmol) on 2 d. The value for the coefficient of variation (%) near the limit of detection was 1%-2%.
Statistical analysis
Analysis of data was carried out using the "Statistical Package for Social Sciences (SPSS) for Windows (SPSS version 17.0, Chicago, IL, United States). Data are reported as mean ± SE. Intergroup differences between categorical variables were estimated by the χ 2 test. The non-parametric Kolmogorov-Smirnov test was used to verify the normal distribution of the continuous variables data set. When the data set was normally distributed, the Student t test for coupled or uncoupled data was used as appropriate. When the data set was not normally distributed, the variables were analyzed by the Mann-Whitney U-test and by the Wilcoxon test as appropriate. A significant level of 0.05 (P < 0.05) was chosen to assess the statistical significance.
RESULTS
Patient characteristics at enrollment
No intergroup difference was found in terms of age, weight, height, body mass index (BMI) and diagnosis ( Table  2) . Eight patients in each group had constipation either alone or associated with dyspepsia.
Blood cholesterol, triglycerides, oxysterols and vitamin E As shown in Table 3 , we did not find any intergroup (TW vs CTRL) difference in serum levels of total, HDL and LDL cholesterol and triglycerides. Plasma 7-b-hydroxycholesterol, 7-ketocholesterol, α-tocopherol, γ-tocopherol and oxysterol to tocopherol ratio, both at baseline and at the end of the study, did not differ between the TW and the CTRL group. In addition, no change in blood lipids or oxidative stress was found at the end of treatment with respect to baseline when each group was considered separately. Gallbladder volume and serum bile acids As shown in Figure 1 , the mean fasting gallbladder volume did not differ between the TW and the CTRL group both at baseline and at the end of the study. Fasting gallbladder volume was significantly (P < 0.005) smaller at the end of the study than at baseline in the TW (15.7 ± 1.1 mL vs 20.1 ± 1.7 mL) but not in the CTRL group (19.0 ± 1.4 mL vs 19.4 ± 1.5 mL). As shown in Figure 2 , although there was a trend for higher baseline values in the TW than in the CTRL group, the mean serum total BA concentration did not significantly differ between the TW and the CTRL group both at baseline and at the end of the study. Serum total BA concentration was significantly (P < 0.05) higher at the end of the study than at baseline in the TW (5.83 ± 1.24 μmol vs 4.25 ± 1.00 μmol) but not in the CTRL group (3.41 ± 0.46 μmol vs 2.91 ± 0.56 μmol).
Thermal water (TW) Tap water (CTRL)
With regard to the serum BA molecular species, as shown in Figure 3 , no intergroup difference was found at baseline. At the end of the study however, the TW as compared to the CTRL group had significantly (P < 0.05) higher glycochenodeoxycholic acid (GCDCA) (1.41 ± 0.35 μmol vs 0.59 ± 0.07 μmol, respectively), taurocholic acid (TCA) (0.15 ± 0.04 μmol vs 0.05 ± 0.02 μmol, respectively) and glycocholic acid (GCA) (0.39 ± 0.10 μmol vs 0.14 ± 0.02 μmol, respectively). No other intergroup difference was found at the end of the study.
When the BA molecular species serum concentrations were compared separately in each study group at the end of the study with regard to baseline, in the TW group the mean GCDCA concentration at the end of the study was significantly higher (P < 0.005) than at baseline (1.41 ± 0.85 μmol vs 1.15 ± 0.35 μmol). On the contrary, in the CTRL group there was a trend (P = 0.062) for a lower GCDCA concentration at the end with respect to baseline (0.59 ± 0.07 μmol vs 0.75 ± 0.21 μmol). The mean free cholic acid (CA) concentration was significantly (P < 0.01) higher at the end of the study than at baseline in the CTRL (0.60 ± 0.14 μmol vs 0.27 ± 0.09 μmol) but not in the TW group (0.50 ± 0.12 μmol vs 0.42 ± 0.18 μmol). The mean free deoxycholic acid (DCA) concentration was significantly (P < 0.05) higher at the end of the study than at baseline in the CTRL (0.60 ± 0.16 μmol vs 0.45 ± 0.13 μmol) but not in the TW group (1.03 ± 0.44 μmol vs 0.67 ± 0.16 μmol). The other BA molecular species did not change at the end as compared to baseline when each group was considered separately. The sum of free chenodeoxycholic acid (CDCA), GCDCA and taurochenodeoxycholic acid was significantly (P < 0.02) higher at the end of the study than at baseline in the TW (2.75 ± 0.70 μmol vs 1.95 ± 0.58 μmol) but not in the CTRL group (1.46 ± 0.20 μmol vs 1.40 ± 0.35 μmol). The sum of CA, GCA and TCA was significantly (P < 0.05) higher at the end of the study than at baseline in the CTRL (0.80 ± 0.14 μmol vs 0.52 ± 0.11 μmol) but not in the TW group (1.04 ± 0.20 μmol vs 0.81 ± 0.27 μmol). Meal consumption, bowel movements and body weight As shown in Table 4 , the number of pasta (P < 0.001), meat (P < 0.001) and vegetable (P < 0.005) portions consumed during the study period was significantly higher by approximately two-fold in the TW than in the CTRL group, while bread consumption was significantly (P < 0.05) less frequent, being half the amount in the TW than in the CTRL group. No intergroup difference was found with regard to pizza, dessert, soft drink, fruit, fish, milk, dairy product, legume and coffee espresso consumption. During the study period, the TW group had a significantly (P < 0.05) higher number of bowel movements per day than the CTRL group (1.077 ± 0.057 vs 0.893 ± 0.055, respectively). Body weight did not differ between the TW and the CTRL group both at baseline (64.4 ± 2.4 kg vs 61.1 ± 1.5 kg, respectively) and at the end of the study (64.3 ± 2.4 kg vs 61.3 ± 1.4 kg, respectively). In addition, no change in body weight was found at the end of the study with respect to baseline when each group was considered separately.
DISCUSSION
The main finding of the present study is that 12 d of sulphate-bicarbonate-calcium TW, but not tap water, administration to gallstone-free postmenopausal women with functional dyspepsia and/or constipation is associated with a reduction of fasting gallbladder volume and an increase in fasting serum BA concentration, especially GCDCA. The effects of sulphate-bicarbonate-calcium TW administration on fasting gallbladder volume and serum BA that we found can be considered protective from gallstone development. In fact, a relatively high fasting gallbladder volume, indicative of a gallbladder motility defect, has been shown to be associated with gallstones. Conversely, a beneficial effect of preserved gallbladder Ginanni Corradini S et al . Sulphate-bicarbonate-calcium water, gallstones and weight
motility on gallstone recurrence has been demonstrated after extracorporeal shock-wave lithotripsy [14, [34] [35] [36] . Since CDCA molar percent in serum has been shown to correlate with that in gallbladder bile, the increased concentration of serum GCDCA (the major form of CDCA in humans) that we found after sulphate-bicarbonate-calcium TW administration is likely to reflect bile enrichment with this BA [37, 38] . Although a direct measurement of the qualitative and quantitative BA composition in bile is the best predictor of gallstone risk, our findings in serum suggest that sulphate-bicarbonate-calcium TW administration can be considered protective from gallstone development. In fact, it has been shown that cholesterol gallstone patients have a lower CDCA and a higher DCA content in gallbladder bile than gallstonefree controls [39] . In addition, pharmacological CDCA administration has been used as a litholytic/preventive treatment against gallstones and ameliorates cholesterol solubility in BA [40] . The beneficial effect of sulphate-bicarbonate-calcium TW administration on gallbladder motility has been already demonstrated, but the underlying mechanisms are not clear [41] . The effect of sulphate-bicarbonate-calcium TW consumption on the BA pool has never been shown previously and our present data do not allow the clarification of the mechanisms. In fact, limitations of the present study are the lack of measurements of intestinal transit time and of BA hepatic synthesis and fecal losses. However, as indirectly suggested by the higher frequency of bowel movements that we found in the TW than in the CTRL group, it can be hypothesized that TW consumption accelerates intestinal transit. This change in intestinal transit is in agreement with the increased fecal scour score described in pigs ingesting a high mineral sulphated water [42] and should be secondary to an osmotic mechanism, although the warm temperature of the TW could also play a role [41] . The acceleration of intestinal transit, as well as the improved gallbladder motility, are likely to increase the frequency of BA enterohepatic circulation and fecal losses with a secondary stimulation of primary BA (especially CDCA) hepatic synthesis. The increased frequency of BA enterohepatic circulation and the enrichment of the BA pool with CDCA could then further accelerate colonic transit. The latter hypothesis is in agreement with previously published data showing: (1) a positive correlation between the rate of BA synthesis and colonic transit (the higher the synthesis the faster colonic transit) [43] ; (2) a positive correlation between serum CDCA and intestinal transit (the higher the concentration the faster intestinal transit) [14] ; and (3) that CDCA administration accelerates colonic transit in healthy volunteers and in female patients with constipation-predominant irritable bowel syndrome [43, 44] . The second finding of the present study is that body weight and blood total, HDL and LDL cholesterol, triglycerides, oxysterols and vitamin E were not affected by 12 d of either sulphatebicarbonate-calcium or tap water consumption. Interestingly, we found that the TW, as compared to the CTRL group, showed a doubling of frequency of pasta, meat and vegetable consumption during the study period suggesting that drinking sulphate-bicarbonate-calcium TW allows maintenance of stable body weight and blood cardiovascular risk factors under conditions of overfeeding. Again, our present study does not allow clarification of the mechanisms for this unexpected finding. In fact, other than the lack of characterization of BA enterohepatic circulation, we did not assess gastric emptying and energy expenditure. However, the increased food intake in our TW group could be explained by an increased gastrointestinal emptying and more frequent BA enterohepatic circulation, with GCDCA enrichment. In agreement with this hypothesis, both the ingestion of a high mineral sulphated water in pigs [42] and the administration of CDCA in humans have been shown to increase food consumption. Furthermore, the increased serum BA concentration that we found during sulphate-bicarbonate-calcium TW consumption could directly avert weight gain, despite increased food consumption. In fact, serum BAs have been recognized as important modulators of whole-body metabolism, by increasing energy expenditure in brown adipose tissue and in muscles, through promotion of intracellular thyroid hormone activation secondary to the activation of the TGR5-signaling pathway [21] .
In conclusion, sulphate-bicarbonate-calcium TW consumption in postmenopausal women with functional dyspepsia and/or constipation has a positive effect on the lithogenic risk and intestinal transit and allows maintenance of a stable body weight despite a high food intake. Further studies are needed to confirm these effects of TW in asymptomatic subjects and to prove its potential benefit in weight loss treatments.
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Background
Atherosclerosis, gallstones and obesity are very frequent and interrelated diseases, with a very high socioeconomic impact worldwide. High triglycerides, total/low-density lipoprotein cholesterol and increased oxidative stress in blood are important risk factors for atherosclerosis and cardiovascular diseases. In addition to cholesterol and triglyceride metabolism, bile acid (BA) metabolism, gallbladder motility and intestinal motility are critical factors in the pathogenesis of gallstones. Obesity and overweight are risk factors for both atherosclerosis and gallstone disease.
Research frontiers
Thermal water (TW), and especially sulphate-bicarbonate mineral waters, are used to treat several biliary and digestive tract diseases. In the present study, The authors investigated the effect of drinking sulphate-bicarbonate-calcium TW on risk factors for: (1) atherosclerosis (i.e., cholesterol, triglycerides and markers of oxidative stress in blood); (2) gallstones (i.e., BAs in blood, gallbladder and intestinal motility; and (3) diet and body weight.
Innovations and breakthroughs
TW drinking has been shown to ameliorate intestinal and gallbladder motility and blood cholesterol and oxidative stress markers. However, in previous studies oxidative stress was evaluated by using methods with poor physiological significance in vivo. No data are available on the effect of TW on BA metabolism and body weight. In the present study, for the first time we investigated the effect of drinking sulphate-bicarbonate-calcium TW on BA metabolism and body weight. In addition, the authors evaluated the effect of drinking sulphatebicarbonate-calcium TW on oxidative stress by measuring sensitive and specific markers of enhanced oxidant stress in vivo, such as oxysterols, or antioxidant defense by measuring α-tocopherol.
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